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|. INTRODUCTION 


Corton, silk and wool which are the fibres commonly used in the textile 
industry have recently found competitors in various synthetic products, viz., 
rayon, nylon and the rest. The technological importance of a knowledge of 
the properties of all such fibres has naturally resulted in a great deal of 
attention being devoted to the investigation of their molecular structure. 
The principal tools employed in such studies have been the polarisation 
microscope, the X-ray diffraction-camera and the electron microscope. 
In the present paper we describe a different method of study, which judging 
from the results so far obtained and now presented, appears to be very 
promising. The technique employed is to record the optical diffraction 
pattern of a single fibre with arrangements gencrally similar to those used 
inan X-ray diffraction camera, but with the difference that visible light is 
used instead of X-rays. The incident light beam may consist of either 
unpolarised light or of light polarised with its vibration direction making 
any desired angle with the fibre axis. It is also possible to place an analyser 
in the path of the light diffracted by the fibre, with its vibration direction 
making any desired angle with the fibre axis. A great variety of patterns 
exhibiting observable differences may thus be recorded even in the case of 
asingle fibre. The two most interesting and characteristic patterns are those 
obtained respectively with unpolarised light and with the fibre placed between 
crossed polaroids with its axis bisecting the angle between their vibration 
directions. 
2. EXPERIMENTAL TECHNIQUE 


A narrow pencil of sunlight emerging through an aperture of 1-5 mm. 
diameter is focussed by means of a photographic lens placed 124cm. away 
ftom it to a small brilliant image in the plane of the photographic film which is 
40cm. from the lens. The fibre itself is placed in the path of the condensed 
beam of light 12 cm. away from the plane of the recording film; a short 
length of the fibre is thus completely bathed in the pencil of incident light. 
Two stops in the path of the incident beam placed respectively before and 
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after the lens ensure that in the absence of the fibre, the field is completely 
dark except in the immediate vicinity of the focussed image of the source, 
The fibre itself is attached to a metal frame, and by manipulating a pair of 
screws can be held perfectly straight without any undue tension being exerted 
on it. An exposure of the order of a few seconds is adequate to record the 
principal feature in the diffraction pattern, namely a bright straight streak 
running transversely to the direction of the fibre. Longer exposures of the 
order of a few minutes are needed to record the fainter outlying features of 
the pattern which reveal the inner structure of the fibre. When recording 
them, it is useful to place a small blackened stop immediately in front of 
the photographic film to prevent its fogging by over-exposure of the central 
spot. Replacing the photographic film by a ground glass plate and view- 
ing the latter through a polaroid held in front of the eye, one may look for 
evidence of polarisation in the diffracted light in various parts of the field. 
By inserting a polariser in front of the lens, the light falling on the fibre 
may itself be polarised in any chosen direction of vibration, viz., parallel 
or perpendicular to the direction of the fibre or making an angle of 45° with 
it. The state of polarisation of the diffracted light may then be observed 
on the screen through a suitably held analyser. By placing the analyser 
immediately after the fibre in a crossed position with respect to the polariser, 
the depolarised component of the diffracted radiations may be recorded 
photographically. It is usually convenient to set the vibration directions 
of the polariser and analyser at an angle of 45° with the fibre axis on either 
side. One is then not troubled with the scattering of light by the material 
of the analysing polaroid. 


Various improvements naturally suggest themselves, as for example, 
to use instead of a flat film a cylindrical camera with the diffracting fibre 
centred along its axis and providing arrangements for rotating the fibre or 
moving it up and down along its length. Such a cylindrical camera with 
appropriate arrangements for collimating the light beam should enable the 
complete diffraction pattern to be recorded. A further improvement which 
seems likely to prove useful is to employ, instead of sunlight, truly mono- 
chromatic light of sufficient intensity obtained with a pointolite mercury 
arc and a colour filter. We intend to return to the subject after effecting 
various improvements in technique, but have thought it desirable not to 
delay the publication of the present preliminary report. 


3. SOME THEORETICAL CONSIDERATIONS 


It will be useful here to recall briefly the nature of the diffraction pattern 
of a dielectric cylinder in the ideal case when it consists of homogeneous 
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and isotropic material and has a uniform circular cross-section. If the 
diameter of the cylinder is sufficiently large in relation to the wave-length, 
the diffraction pattern may be considered roughly as consisting of two 
patterns which are superposed on each other; the first part is the pattern 
produced by a narrow obstacle with parallel edges which by Babinet’s 
principle is the same as the diffraction pattern of a narrow slit; the second 
part arises from light which finds entry into the cylinder and emerges there- 
from after suffering refractions and possibly also one or more internal 
reflections. Interferences would necessarily arise between the radiations 
diffracted in any given direction but which have traversed different optical 
paths. Monochromatic light would, in general, have to be used to fully 
reveal the characters of these interferences. It is obvious, however, that 
in all cases the diffracted light would appear as a fan of rays lying in a plane 
strictly transverse to the direction of the fibre, the rest of the field remaining 
perfectly dark. 


If in the ideal case under consideration the cylinder though homogeneous 
and uniform is of birefringent material, the same results as those stated above 
would still be valid except that the distribution of intensity as well as the 
phase of the vibration in the fan of diffracted rays in various directions 
would depend upon the direction of the electric vector in the incident 
light beam. Hence, if the incident light be polarised, the fan of 
diffracted rays would in general be elliptically polarised and would therefore 
not be extinguished when observed through an analyser. Exceptions, how- 
ever, would arise in special cases, as for example if the vibration direction 
of the incident light is parallel or perpendicular to the fibre-axis and coincides 
with an axis of the optical indicatrix of the material of the cylinder. In such 
cases we may expect the fan of rays to te more or less completely extinguished 
when the polariser and analyser are crossed. 


The foregoing statements are very elegantly illustrated by the photo- 
graphs reproduced as Figs. 11 and 12 in Plate XII. Fig. 12 was obtained 
by enclosing fragments of glass wool orientated at random between two 
glass plates and viewing a small distant aperture illuminated by the light of 
a sodium vapour Jamp with the plates held close to the eye of the observer 
or the lens of a camera. Each piece of glass wool gives rise to a streak of 
diffracted light running through the field in a direction transverse to its Jength. 
A great many radial streaks accordingly appear in the field of view. Owing 
to the fact that all the fibres are of nearly equal diameter, the individual 
streaks conspire to build up a diffraction pattern consisting of a bright central 
disk surrounded by a system of rings of gradually diminishing intensity. The 
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Photograph shows at least two such rings clearly with a few faint and rather 
irregular ones further out. The entire pattern disappears when polaroids 
in a crossed position are placed one on either side of the plates containing 
the diffracting material. Such disappearance is a consequence of the fact 
that the material of the glass wool is optically isotropic. 


If, instead of glass wool, a quantity of shredded rayon or cocoon silk 
is held between the two glass plates with the individual fibres orientated at 
random, we observe a diffraction pattern of the same general character as 
that reproduced in Fig. 12 with glass wool. But when the combination is 
placed between crossed polaroids, the pattern of rings seen surrounding the 
source vanishes; nevertheless, a notable amount of diffracted light in the 
form of bright streaks continues to be visible in the field and appears as a 
cross with bright and dark arms. This effect is illustrated for the case of 
rayon in Fig. 11, Plate XII. The bright arms of the cross in the figure bisect 
the angles between the vibration directions of the polaroids. Cocoon silk 
exhibits similar effects, the origin of which is clearly ascribable to the bire- 
fringence of the fibres. Surprisingly enough, however, the bright cross 
illustrated in Fig. 11 is not observed with either cotton or wool. That these 
fibres are birefringent is indeed shown by the presence of diffracted light in 
the field when viewed through crossed polaroids. Why the cross is not 
shown by either cotton or wool in these circumstances will be explained later. 


Returning now to the elementary considerations set forth earlier, it is 
obvious that even if the dielectric cylinder consists of optically non-homo- 
geneous material, the fan of diffracted rays would be confined to a sheet 
transverse to the direction of the fibre provided that both the dimensions 
and the structure of the cylinder are invariable along its length. Any de- 
parture from such uniformity may be expected to reveal itself by the appear- 
ance of diffracted streams of light in various other directions. From the 
character of the diffraction pattern observed, we can draw inferences regard- 
ing the nature of the non-uniformities giving rise to them. 


4. EXPERIMENTAL RESULTS 
(i) Glass Wool 


As already indicated, glass wool gives with the arrangements described 
in Section 2 an intense straight streak running transversely to the direction 
of the fibre. However, with prolonged exposures, faint bands running 
nearly parallel to the course of the streak but exhibiting irregularities in their 
intensity are recorded photographically. These features indicate that though 
the material is in the main, isotropic and homogeneous, variations either in 
composition or diameter or of both exist of sufficient magnitude to give rise 
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to observable effects. This report being a preliminary one, we have not 
thought it worthwhile to pursue the matter further or to reproduce any of 
the photographs obtained with glass wool. 


(ii) Cocoon Silk 


Figs. 9 and 10 in Plate XI reproduce photographs obtained with cocoon 
silk, Fig. 9 being recorded with incident unpolarised light and Fig. 10 with 
crossed polaroids set at 45° to the direction of the fibre. The former was 
taken with 30 seconds exposure and the latter with about 3 minutes. The 
birefringence of the silk fibre is thus clearly exhibited. The diffraction 
pattern, however, is not essentially different from that expected for the ideal 
case of a cylinder of uniform cross-section and structure. Actually, the 
portion of the fibre bathed by the incident light was seen to be visibly uni- 
form. It should be mentioned that the streak of diffracted radiation exhi- 
bited brilliant colours which, in general, were very different when observed 
respectively with unpolarised light and between crossed polaroids. 


(iii) Rayon 
The diffraction patterns of rayon are markedly different from those of 


cocoon silk (see Figs. 7 and 8 in Plate X). The central bright streak is 
bordered on either side by a series of bands running parallel to it, so much 


so that in heavily exposed photographs, the diffraction pattern appears as a 
broad band with fainter bands lying further out. In order to exhibit clearly 
the central bright streak in Fig. 7, the negative had to be heavily printed so 
that the fainter outlying bands were completely blotted out. The intensity 
of the bands varies notably along their length. This feature is even more 
conspicuous in the photograph recorded between crossed polaroids (Fig. 8). 


(iv) Chrysotile (asbestos) 


The finest possible fibre was isolated from a lustrous specimen of the 
mineral and its diffraction pattern was recorded (Figs. 5 and 6 in Plate IX). 
As seen visually, the brightest part of the diffraction pattern is the straight 
bright streak. When recorded with adequate exposures, however, it is evident 
that the pattern consists of a great many streaks of diffracted radiation 
running at various angles to the principal streak, their intensity decreasing 
with increasing distance from the centre of the pattern. With the exposures 
given, the central part of the pattern was heavily recorded while the outer 
streaks appear only faintly. Thus, it was not possible to make a print for 
reproduction which would exhibit both the inner and the outer streaks 
clearly. However, the general nature of the pattern can be seen from 
Fig. 5. The pattern as recorded with the crossed polaroids shows the central 
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streak very clearly, while the marginal parts were hardly visible, presumably 
due to their faintness. We note that in Fig. 6 the central streak appears 
curiously curved along its length. 


(v) Cotton 


By far the most interesting patterns recorded in the present investiga- 
tion are those of single cotton fibres (Plate VII). Fig. 1 shows the pattern 
as observed in unpolarised light and Fig. 2 as observed between crossed 
polaroids; the former was recorded with about 30 seconds and the latter 
about 4 minutes exposure. The central bright streak which is clearly seen 
in Fig. 1 has almost completely vanished in Fig. 2. The radiating streaks of 
diffracted light which are very conspicuous in Fig. 1 are much less evident 
in Fig. 2: the latter seems to consist principally of wavy bands running 
approximately in a parallel direction. 


(vi) Wool 


The patterns of wool recorded respectively with unpolarised light and 
with crossed polaroids are reporduced in Figs. 3 and 4 in Plate VIII. They 
are very similar to each other except that the central streak which is very 
clearly scen in Fig. 3 has completely disappeared in Fig. 4. In the Jatter 
case, however, the general intensity is smaller and correspondingly longer 
exposures are needed for recording the observed pattern. We may mention 


here some interesting observations made by us visually. With the incident 
light polarised and its vibration direction parallel to the fibre, the central 
streak is almost completely extinguished while the outer parts of the 
pattern are visible though enfeebled in intensity when the pattern is viewed 
through a crossed polaroid. Much the same result is observed between 
crossed polaroids when the vibration direction of the incident beam is 
perpendicular to the fibre. On the other hand, when the vibration direction 
of the incident light is inclined at 45° to the fibre direction, the appearance 
of the field is complementary in the two vases when the analysing polaroid 
is respectively in the parallel and in the crossed position. In the former 
case, the central streak is brightly visible while the surrounding field is 
much enfeebled; in the latter case, the central streak disappeais while the 
marginal parts brighten up. A striking feature in Figs. 3 and 4 to which 
attention may be specially drawn is the lack of symmetry of the pattern on 
the two sides of the principal streak. Such an effect is not noticeable in the 
case of the other fibres studied. 


From a comparison of the diffraction patterns for the individual fibres, 
it will be readily understood why aggregates of rayon and silk exhibit the 
phenomenon illustrated in Fig. 11 of Plate XII, whereas cotton and wool 
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do not. In all the four cases, the diffraction disk and rings in the central 
part of the field (illustrated in Fig. 12 of the same Plate for the case of glass 
wool) disappear when the material is placed between crossed polaroids. The 
residual light in the field then consists of the diffracted radiations emerging 
after passage through the birefringent material of the fibres. In the cases 
of rayon and of silk, this radiation is mostly or entirely concentrated in the 
diametral streak; the intensity of this is negligible when the fibre axis is 
parallel to the vibration direction of either the polariser or the analyser, 
but is a maximum when it bisects the angle between them. The net result 
due to an aggregate of fibres orientated in various directions is thus the 
phenomenon of the cross illustrated in Fig. 11. On the other hand, in the 
cases of cotton and wool, the complex patterns seen in the field contain much 
of the diffracted light, and this is not extinguished when viewed between 
crossed polaroids, whatever be the setting of the fibres with respect to the 
vibration-directions of the polariser and analyser. It is not surprising that 
in these circumstances, cotton and wool aggregates do not exhibit the 
phenomenon under consideration. 


5. INTERPRETATION OF THE RESULTS 


We do not propose in this preliminary report to discuss in any detail 
the features observed and recorded in the Plates accompanying the paper. 
Such a discussion could be better undertaken when the techniques have been 
further improved and the results are expressed in quantitative terms. We 
shall content ourselves here with some remarks of a general nature. 


The appearance of features other than the central diametral streak in 
the diffraction pattern of a fibre is connected, as already remarked, with 
variations in the structure of the material along the length of the fibre; 
perfect uniformity of structure would result in the absence of such features, 
while per contra they would be very pronounced when the structure varies 
conspicuously from point to point along the fibre. This inference is sup- 
ported in the cases under study by evidence from other sources. It is well 
known, for example, that silk is a crystalline fibre, its X-ray pattern exhibit- 
ing well-defined spots. The uniformity of structure thus indicated is also 
evident from its optical diffraction pattern which is of the simplest type. 
Per contra, in the case of cotton, the X-ray diffraction pattern shows very 
clearly that the cellulose groups comprising the fibre are variously inclined 
to the fibre axis; the characteristic X-ray reflections appear spread out as 
arcs instead of as sharp spots. The optical diffraction pattern reproduced 
in Fig. 1, Plate VII, also indicates the presence of diffracting units inclined 
to the length of the fibre. That the diffraction pattern does not vanish when 
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viewed between crossed polaroids but continues to be visible with certain 
significant changes indicates that these diffracting units are themselves 
birefringent. Thus, while supporting the indications furnished by the 
X-ray data, the optical diffraction pattern of the cotton fibre gives us a fuller 
insight into its structure. 


6. SUMMARY 


When a narrow pencil of light which comes to a focus in the plane of 
a photographic film traverses a single fibre set transversely to it in its path, 
the light diffracted by the fibre in various directions records itself on the 
film when adequate exposures are given. Photographs thus obtained with 
single fibres of cotton, wool, silk, rayon and chrysotile are reproduced in 
the paper. The birefringence of the fibres exhibits itself by the non-dis- 
appearance of the pattern when two polaroids crossed with respect to each 
other are placed one on either side of the fibre, the axis of the latter bisecting 
the angle between their vibration directions. The diffraction patterns 
indicate the inner structure of the fibres and are strikingly different for the 
different materials. 
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I. INTRODUCTION 
THE use of Fourier series of the type 


ay + a, cos 8 + a, cos 20 + a; cos 30 + 


+ b, sin 6 + b, sin 20 + bg sin 30 + 


oeeeee 


sari (1) 
is very common in solutions of a variety of problems in physics, meteorology 
and astronomy. An analysis of a function into a sum of trigonometric 
terms was first attempted in its simplest form in 1754-59 by Clairaut! and 
Lagrange.” They showed how to expand a function u(x) into a trigono- 
metric series of finite number of terms such as 


u(x) = 6, sinx + b,sin2x + .... + by, sin(a — 1)x (2) 


so as to give some known values uw, Us, .... Un Of u for (nm — 1) equally 
spaced values of the argument x, e.g., 


x =n/n, 2n/n 3n[n, .... (n — 1) 2/n. 
Values of the coefficients 5,, bs, .... bn, could be evaluated from 
the general expression 


bm=— {um sin si + 1... + Up,_y Sin Fae (3) 


The method gives trigonometrical expressions which agree very closely 
with the given function only over a certain restricted range of values of the 
argument x. Outside this range the agreement may be far from satisfactory. 


A more general formula involving both sine and cosine terms was 
suggested by Bessel* in 1815. It enables one to obtain the best fitting series 
of terms when we have more data at hand than the minimum required. 
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Let the function 


u(x) =ay+a,cosx+ .... + a,cosrx 
+ bj sinx + .... + 5,sinrx (4) 
assume the values up, uy, .... Un_, for values 


0, 2n/n, ....2(n—1)a/n 


respectively of the argument x. We have thus 7 equations in all to determine 
the constants do, a,, b,, .... a,, b, which are (2r + 1) in number. If n 
is greater than 2r, the number of equations at hand is more than the minimum 
required and the conditions laid upon the values of the constants dp, a,, b,, 
etc., for getting values uo, uw, .... Up, for u(x) as accurately as possible, 
can be put down as follows: 


Up —=Ag9 + Q,+.... +a, 


ae ees tp 
n n 
+ by sin 7 + <0 8a = 
Rs ek dieescs'W im latin Gs AO acdsee aca at ey Cie (5) 
tp = ay + a, cos  — 1) 27 ee tan 2 
+ by sin @— a +... keeess — 


With the help of standard trigonometrical formule, one gets finally the 
set of values 


1 ) 1 
Ay a uk 
k=0 
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a > Uj, Sin = 
k=0 


eeeereereeeeeeeseeseeesasn 


b .. 2kra 
r ae? uy, SIN oy 


When r =n/2, the factor of a, in front of the symbol 2 is 1/n, not 2/n. 


II. APPLICATION OF HARMONIC ANALYSIS TO GEOPHYSICAL 
PROBLEMS 


The method of harmonic analysis is very useful for studying solar and 
sidereal diurnal variations of geophysical elements. For a period of one 
day, the variation can be broken up into harmonic components of periods 
24 hours, 12 hours, etc. This can be done either from 24 values spaced at 
hourly intervals or from 12 values spaced at bihourly intervals. For a 24 
value scheme one has for analysis 24 values up, wu, .... Uggs Which when 
substituted in equation (6), yield the coefficients ao, a, .... @y1, by, .... Dy. 
For the 12 value scheme, u assumes the 12 bihourly values uo, uw,, .... Uy, 
giving the coefficients dp, a,, .... dg, b,, .... bs. For harmonics of low 
order (first, second, etc.) the values obtained for the coefficients by both the 
schemes are almost identical. Since, in the majority of cases encountered 
in geophysics, only the first two harmonics are of significance, the adoption 
of the bihourly scheme saves a lot of computational labour. 


Analysis of a daily variation into its harmonic components enables one 
to study the physical phenomena underlying them in a simple and precise 
way. The results can be presented with advantage on a harmonic dial which 
is essentially a vector diagram of a particular harmonic component, the length 
and direction of the vector representing the magnitude and hour of maximum 
of the particular harmonic component of the daily variation. 


For a set of 12 bihourly values up, u, .... uy, the coefficients apo, a,, b,, 
etc., in the equation 


u(x) =a) + a,cosx+ .... +4, cos 5x + ag cos 6x 


+ b,sinx+ .... + 5;sin 5x 
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are given by 
12 Ay = Uo aa uy + Uo — Ug a. U4 + u; + Ug i. uz a Ug+ UgtUyo+uy, 
6 ay = Ugt Uy V3/2+ Ug. 1/2 — uy. 1/2 — us. o/3/2 — Ug — Uy. 3/2 
— Ug*1/2 + ty9°1/2 + uy 4/3/2 
6 dg =U + Uy°1/2 — ug. 1/2 — ug — uy. 1/2 + us.1/2 + ug t+ uy. 1/2 
— ug. 1/2 — Uy — Uyo9.1/2 + uy. 1/2 
6 as = Ug — Ug + Us — Ug + Ug — Uo 
6 dy = Up — Uy. 1/2 — ug. 1/2 + ug — uy. 1/2 — 5.1/2 + Ug — uy. 1/2 
— Ug. 1/2 + Ug = Uj9- 1/2 —— Ui1- 1/2 
6 ds = Ug — Uy. 3/2 + Ug. 1/2 — uy. 1/2 + s+ 4/3/2 — tg + Uz. 4/3/2 
= Ug. 1/2 a Uio- 1/2 ee Uy. 4/3/2 (7) 
12 dg = Up — Uy + Ug — Ug + Uy — Us + Ug — Uy + Ug — Uy 
a U9 poe Uy, 
6 by = uy- 1/2 + Ug. 3/2 + Ug + Uy. 4/3/2 + us.1/2 — u,.1/2 
— Ug. 3/2 — Uy — Uy. 4/3/2 — yy. 1/2 
6 b — uy. /3/2 + Ug. 4/3/2 — U4. V 3/2 ae us. /3/2 -+ Un. / 3/2 
+ Ug. 3/2 — ty. 3/2 — uy. +/3/2 


6b, =u, — Ug + Us — Uz + Ug — Uy 


re 


6 by = Uy. o/3/2 — Ug. ¥/3/2 + Uy. 3/2 + Us. 4/3/2 + uy. /3/2 
— Ug. 3/2 + Uyo- 3/2 — uy. 3/2 
6 bs = 4.1/2 — ug. 3/2 + Ug + Uy. ¥/3/2 + U5. 1/2 — up. 1/2 
+ ug. 3/2 — tty + Uyg. 3/2 — yy. 1/2 
For a set of known values up, u;, .... 4y,, One can thus calculate all 


the coefficients ay, a,, b,, .... Gp, by and get an expression for the function 
u(x) in terms of a sum of trigonometric fur ctions. 


Ill. EVALUATION OF HARMONIC COEFFICIENTS 


It is easily seen that the task of evaluating the various coefficients from 
the abovementioned formule is a difficult one from the point of view of 
practical computation. It is necessary that the set of values uo, wu, .... Un 
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should be handled in a convenient form to enable the evaluation of the 
various coefficients with the expenditure of the least amount of labour and 
time. Computation forms designed for this purpose with the help of the 
suggestions derived from many writers (C. Runge* in particular) are given 
by Whittaker and Robinson® for the 12 value and the 24 value schemes. 


Another method of presentation of the same data in a different form 
is evolved by Joseph Lipka® and Terebesi.? Computation chart for 
their 12 ordinate scheme is given by Henney.* The method is essentially 
similar to the one given by Whittaker and Robinson. But the tabulation 
arrangement is terminated at an earlier stage and resort is taken to picking 
up terms suitably for combining together to give the various coefficients. 
It is rather difficult to judge which one of the two methods is easier and more 
practical. With an added mental strain, the latter seems to be quicker than 
the former one. 

IV. THOMPSON’ S METHOD 


In some physical problems, it is generally known that the third and the 
higher harmonics are negligibly small compared to the first and the second 
ones. It is then only necessary to evaluate accurately the latter two harmo- 
nics. Common examples are the daily variations of atmospheric pressure 
and temperature at any station. It was pointed out by Thompson® for a 
case of the type 


u(x) = dy + a, Cos x + ag cos 2x + az cos 3x 
+ b, sin x + bg sin 2x + b, sin 3x 


that the various coefficients could be evaluated by a simple averaging process 
as follows: 


ay = (1/12) Uo +uyyt+ .... + uy) 

a, =(1/2) (ug — ug) — Us 

dz = (1/4) (up — us + Ug — Uy) (8) 
as = (1/6) (ug — uz + Uy — Ug + Ug — Uo) 

b, =(1/2) (us — ug) + bs 

bs = (1/6) (uy — ug + us — uz + Uy — yy) 


For evaluating b., the complete graph of the function wu (x) is to be plotted 
and the values i, #3, #,; and @, for x = 45°, 135°, 225° and 315° respectively 
are to be read off. The value of b, is then given by 


by a (1/4) (a, -~+~- ul) 
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TABLE I (b). Supplementary chart for evaluating the third and higher 
harmonics of the daily variation 
x 0-£66 6 ag=P +B”—A” 
: “6 é=C”—D”-Q 








uytus ly 6 ag=R +S —(M’+N’)/2 
+u7z+10 Mp tei ( v 








uetus Le 
tugtuas 6a5=P —A,+By+A2—Bz 
6 45=Q -Cy+D,+C2—-Dz 








CHECKS :— (1) uo =ao+ SS 
(2) uy — uy, =, +263+45+1°732 (52 +44)f 12a,=R —S+A"+B”"—C”—D” 
bg =Zero. 
The method, though apparently simple looking, is still difficult to handle 
and does not save much time especially because of the time required for 
evaluating b, which is an important term and hence cannot be neglected. 


V. A SIMPLER METHOD OF EVALUATING THE HARMONIC 
COEFFICIENTS IN A 12 VALUE SCHEME 


Because of the difficulties of Thompson’s method, it was felt necessary 
to evolve a different type of presentation which would involve the handling 
of the terms uo, .... &%; in the most convenient way and without much mental 
strain. Moreover, the additional advantage of the two rigorous methods 
referred to earlier, in that the coefficients obtained therein are required to 
satisfy a few checks, cannot be overlooked. At some stage, not too far away 
from the end, it is desirable that the correctness of calculations can be checked. 
With this view, a new presentation is evolved which satisfies most of these 
requirements. The presentation given in Table I (a) is useful for finding 
only the first and the second harmonics. The supplementary chart in Table 
I(6) enables one to evaluate all the harmonics without much extra labour 
and also provides a check for the correctness of all of them. 


The multiplication of some of the terms by a factor of -866 can be done 
orally by a number of approximate methods. 

(i) The method mentioned by Whittaker and Robinson is to multiply by a 
factor (1 — 1/10 — 1/30) which is a very close approximation to -866. Effec- 


tively, it reduces to multiplying the original number by 2, dividing the product 
by 15 and subtracting the quotient from the original number. For example, 


107 x -866 = 107 — (107 x 2)/15 
= 107 — 214/15 
= 107 — 14-3 
= 92-7 
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(ii) Another method is to multiply by -9 (which should be possible 
orally) and then subtract 4 for every 100 (i.e., 4%) from the product. Thus 


107 x -9 =96-3 (9} x 10) 


Subtracting (-4 x 94) =3-8 from 96-3, we get 
107 x -866 =92:-5 (10) 


(iii) A different method is to evaluate the fractions 1/10, 3/100 and 
5/1000 of the original number and subtract their sum from the original 
number. Thus, 


107 x -866 = 107 — (10-7 + 3:2 + 0-5) 
= 107 — 14-4 
= 92-6 


The method of harmonic analysis presented in Table I (a) and (6) has 
been found, after trial, to be easier and shorter than any of the methods 
referred to earlier. The only defect of the method given in Table I (a) is 
that there is no check to find out whether the coefficients ap, a,, b,, etc., have 
been correctly computed from the factors A, B, C, D, etc. Such a defect 
will, however, be inherently present in any method which gives only the 
first two or three harmonics while the other higher harmonics are not absent. 
The difficulty is removed when all the harmonics are evaluated by use of the 


supplementary chart in Table I (6) which provides a check for all the co- 
efficients. 


"ots 


i, le 
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VI. EVALUATION OF THE HARMONIC COEFFICIENTS IN A 24 VALUE 
SCHEME 


A similar presentation can be evolved for the harmonic analysis of 24 
hourly values. An elaborate method for such an analysis has already been 
given by Whittaker and Robinson. It gives all the coefficients ap, a,, b,,.... 
423, 6.3; with methods for checking their correctness. The specimen chart 
given by these authors is similar to the one used by them for the analysis 
of 12 values, and is more elaborate and lengthy because of the additional 


terms. Table II gives a chart which can give the first two harmonics in an 
easier way. 


=(1.” x 0-866) 


. 
(5) Sg =2 (#3 + #9) < O-707 
(6) (1! x 0-500) 


bi) Mt Ee | 


The advantages and drawbacks of this method are similar to those 
for the method used for the harmonic analysis of 12 values. In addition, 
there is the problem of multiplication by factors like -707, -257 and -961. 
In their method for harmonic analysis of 24 values, Whittaker and Robinson 


have managed to do away with the latter two factors in an interesting manner. 
A2 
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These two factors arise from the terms sin 15° and cos 15° which they have 
expanded as 


sin 15° =sin (45 — 30)° 

= (1/4/2) (o/3/2 — 1/2) 
cos 15° =cos (45 — 30)° 

= (1/4/2) (3/2 + 1/2) 


The factors involved are thus only (4/3/2) and (1/+/2) which are -866 
and -707 respectively. The only additional factor (as compared to the 
method adopted for 12 values) is therefore -707 instead of the 3 factors 
required in the method given in Table II. From this point of view, Whittaker 
and Robinson’s method seems to have a definite advantage over the present 
one. Whether this can compensate for its lengthiness will have to be judged 
by workers who will use both these methods and study their comparative 
advantages and disadvantages. 


The author is grateful to the A.E.C. India for its financial support. 
SUMMARY 


The use of a Fourier series in expanding a function into a sum of trigono- 
metric terms, and its application to the problem of resolving a daily variation 
into its harmonic components are discussed. Various practical methods 
adopted for the harmonic analysis of a daily variation are reviewed. A new 
form of analysis of a 12 ordinate scheme is suggested. This is both quicker 
and easier to handle than the earlier methods. It enables one to evaluate 
in about 5 minutes the first and the secona harmonics from 12 bi-hourly 
values of a daily variation. Also, with the help of a supplementary char‘, 
the higher harmonics can be evaluated without much extra labour. 


A similar method of harmonic analysis for a 24 ordinate scheme is 
suggested. 
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PRODUCTION FREQUENCY OF NEUTRAL PI- 
MESONS IN HIGH ENERGY INTERACTIONS 
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TuE relative production frequency of neutral and charged pi-mesons in high 
energy nuclear interactions has been studied by several workers both in 
photographic emulsions and in cloud chambers. Using a cloud chamber, 
Salvini and Kim! found the ratio of neutral pi-mesons to charged mesons in 


interactions of 1 to 20 Bev, Nit ey +5, a value which is in agreement with 
7 

results obtained in photographic emulsions at these energies.2* At higher 

energies, observaiions on neutral pi-mesons have been made in emulsions 

flown at balloon altitudes, and the results obtained so far suffer from statis- 


tical inaccuracy. 


As the energy of interaction increases the phenomenon of meson pro- 
duction becomes very complex and different types of charged as well as 
uncharged mesons and hyperons are produced. The nature of the unstable 
mesons is not well known at present, but if it is assumed that no new short- 
lived particles decaying into y-rays appear, a comparison of the production 
ratio of neutral pi-mesons to shower particles at high energies with that at 
low energies will give information on the relative production frequency of 
shower particles different from pi-mesons. 


In this paper we present results of an investigation to determine the 
ratio of neutral pi-mesons to charged shower particles in high energy inter- 
actions (« = 50-250 Bev/nucleon, multiplicity N,=8-155). The showers 
were discovered in a stripped emulsion block* which was flown for several 
hours above 75,000 feet at geomagnetic latitude 19°. 


EXPERIMENTAL PROCEDURE 
The primary energy of the interactions was determined from the median 


angle of the shower particles. The median energy of the 15 showers selected 
for the present investigations is 100 Bev/nucleon. 


A search was made under high resolution for pairs formed within 6 mm. 
from the origin of the interaction. The number and the track lengths of 
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the charged particles falling in the surveyed area were determined from 
accurate plots and angular distributions. 


In order to keep the detection efficiency as high as possible the follow- 
ing restrictions were imposed. 


(a) We do not consider any pairs formed upto 100. from the shower 
origin since the track density is very large. 


(b) We do not consider any pairs formed within 40 depth from the 
exit surface of the emulsion since for such pairs the projected length of the 
pair becomes small and the detection efficiency decreases. With this res- 


triction only pairs whose projected length exceeded 120 were included. 


EVALUATION OF THE RATIO 
For the evaluation of the ratio it is assumed that: 
(a) the pairs have been detected with 100% efficiency; 


(b) the angular distribution of neutral pi-mesons is identical with those 
of charged particles; and 


(c) the pairs observed are due to y-rays arising from the decay of neutral 
pi-mesons only. 


Other possible known sources of y-rays are: 


(1) Direct production in nuclear collisions due to ‘* Bremsstrahlung” 


of nucleons and mesons. Oehme’s® calculations show that at energies of 


the order of 100 Bev these corrections are very small for mesons of spin zero. 


2. Cascade multiplication.* This effect should be relatively small 
upto a distance of 6mm. (-16 conversion units). In order to see if any 
significant effect does exist, the distance from the shower origin in which 
pairs were observed was subdivided into three regions extending to 0-08, 


0-12 and 0-16 conversion units respectively. These separate results are 
given in Table I. 


* In a previous paper from this laboratory by Lal et al.,’? the ratio ip es was de- 


ch, mesons 
termined as -86 + -1 in a shower of 210 charged particles produced by a magnesium nucleus 


(e=7-8 x 1012 ev/nucleon). Here the measurements were carried out upto a distance of ~:7 
conversion unit and the results corrected for cascade multiplication. However, this correction 
in the beginning of a cascade development is subject to considerable uncertainty and we, there- 
fore, consider the previously published value to be unreliable. 
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TABLE [ 





Total track No. of Nr°/N, 
length due to pairs 
shower particles 





Upto 3 mm. from shower origin ms 93-9 cm. 20 -40'++ -09 
Upto 4:5 mm. from shower origin ich 107-8 cm. 23 -40 + -08 
Upto 6 mm. from shower origin ia 128-2 cm. 32 -47 + -08 





Since we do not take into account any pairs formed upto 100, from 
the origin the corrections due to: 


(i) the finite path length travelled by 7°-mesons before decay 
(r =5x10-" secs.); and 


(ii) the direct conversion of 7° according to the alternative mode of 
decay,® 
(7° —»2e + y) 
are very small. 


A total of 32 pairs was found corresponding to 555 charged shower 
particles with an aggregate path length of 128-2 cm. 


on ee +e ee roe , 
This gives WN, 72x 282 = 47+ -08, considering pairs formed 


upto 6 mm. from shower origin. (A conversion unit in emulsion for high 
energy photons is taken to be 3-75 cm.) 


The observations extending to three different distanccs from the shower 
origin are given in Table I. 


Within the statistical accuracies given in Table I, the three ratios agree. 
Cascade effects are, therefore, believed to be less than 20% up to the largest 
distance surveyed (-16 conversion units), and negligible at -12 conversion 
units. We take, therefore, as the best value in this energy region, 


Nae/Ns = -40 + -08. 
Our results and those of other workers are listed in Table II. 


The weighted mean of all these results is -40 + -04 and lies within one 
Standard deviation from all values except Mulvey’s, from which it is within 
1} standard deviations. If the ratio N,/Ns varies with energy in the energy 
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region from 100 Bev to 50,000 Bev, this variation is at present obscured by 
statistical uncertainties. 


TABLE II 





Primary Energy Ratio Nx°/N, 





Bev/nucleon 
Daniel et a/.° .. re 50-3000 -33 + -07 
Mulvey® rs sig 20,000 25+ °1 
Naugle and Freier® we 50,000 444 -14 
Kaplon et al.'° roa > 1,000 -46 + -09 
Present work .. = 50-250 -40 + +08 





The number of protons in high energy interactions has been determined 
as 10% of the shower particles by Daniel et a/.* Thus, using the mean of 
the values obtained from Table II, one obtains: 


Nie 7 
Noe + Ne + Nt 





‘44+ -04 


where K+ and Y+ stand for K-mesons and Hyperons respectively. If we 


assume that the ratio = 4 is always equal to -5 we then obtain an upper 
7 


limit on the production frequency of K-mesons and hyperons: 


Nut + Nyt 
—_— 

As pointed out earlier this limit is underestimated if there is some other 
mechanism for producing high energy y-rays near the point of interaction. 


The interaction mean free path of shower particles produced in high 
energy collisions has been studied by Lal et al.,? Daniel et al.,3 Mulvey® and 
Rama." Combining all the results one obtains a value of 27:4 + 4-8 for the 
interaction mean free path compared to the geometric value of 27cm. 
(The ‘* geometric” value is based on a nuclear radius of 1-38 107% A 18 
for the constituents of emulsion). Assuming that the cross-section of 
pi-mesons and protons cannot be larger than geometric, the fraction of non- 
interacting particles if present in these showers, should not exceed 16%. 
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1. INTRODUCTION 


SEVERAL authors’ have investigated the ultrasonic velocities in liquids by 
employing various methods of which the latest liquid film method*-* offers 
many advantages. Ina recent communication’ from this laboratory we have 
reported a simple and new method for determining ultrasonic velocities in 
liquids. In this method ultrasonic waves generated by a piezoelectric plate 
are communicated into a column of liquid enclosed between the radiating 
surface of the crystal and a reflector set parallel to it at a distance and the 
diffraction pattern is observed in the usual Debye-Sears arrangement. The 
intensity of the diffraction orders is found to change periodically as the fre- 
quency of the oscillator is varied from one end of the breadth of resonance 
to the other. Pronounced maxima in the intensity of the diffraction pattern 
are observed when a stationary ultrasonic grating is formed in the liquid 


column, which happens only at those frequencies for which the path length 
is an integral multiple of half the wavelength of the sound wave. 
words, diffraction maxima are observed when the liquid column is thrown 
into resonance at one of its higher harmonics. The frequency interval for 
any two consecutive positions of diffraction maxima gives the fundamental 
frequency of the liquid column which enables us to calculate the velocity of 
ultrasonic waves in the liquid under investigation in the usual manner. 


In other 


2. EXPERIMENTAL DETAILS 


A special type of crystal holder shown in Fig. 1 has been designed to suit 
this method. The crystal holder consists of two brass sheets A of 3”x3" 
1/5” size the top surfaces of which are ground plane. Four bolts B are 
fixed to the bottom plate at the four corners and are loaded with steel springs 
C. Knurled nuts D are provided for the purpose of adjusting the top sur- 
faces of both the plates to be parallel. A quartz plate or wedge rests on a 
1 cm.? slot E provided in the centre of the top plate so as to be in direct 
contact with the liquid under investigation. The crystal is clamped in posi- 
tion by a phosphorbronze strip G insulated from the body of the crystal 
holder by the amphenol polysterene strip H. The body of the crystal holder 
132 
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and the phosphorbronze strip serve as the two electrodes for connecting 
the output from a Hartley shunt fed oscillator. A side hole I is provided to 


Ly 
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RECESS Ia, 

















Fic. 1 


facilitate addition or removal of liquid from the cell so as to be at the desired 
level. The complete crystal holder is now inserted snugly into a glass cell 
containing the liquid under investigation. The usual Debye-Sears diffrac- 


tion arrangement is set up and observations of the diffraction patterns are 
made visually. 


Before introducing the liquid in the cell, it is placed on a levelling stand 
and by using a microscope of least count 0-001 cm., the top surfaces of both 
the plates are adjusted to be parallel to within 2 vernier divisions. The cell 
is now filled with the liquid under investigation to the desired level taking 
care to see that there is no air bubble beneath the crystal or wedge. In order 
to obtain intense diffraction spectra the cell is now tilted by adjusting the 
three screws of the levelling stand such that the sound wave front is paral- 
lel to the incident light beam. Since the fundamental frequency is of the 
order of 0:01 Mc/sec. for the lengths of 3 to 5 cm. of the liquid column used 
in the investigation, the diffraction maxima are found to be very closely 
spaced and it will be very difficult to set the frequency of the oscillator for 
any diffraction maxima. Hence it is found necessary to attach a slow motion 
gear having a reduction ratio of 1/50 to the variable condenser of the Hartley 
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oscillator which enables a fine variation of its frequency. Though a crystal 
having a reasonably wide breadth of resonance can be used as a source of 
ultrasonic radiation, it is found advantageous to use an X-cut quartz wedge 
of 1 to 3-5 Mc/sec. range because it gives a wider frequency range having 
almost constant output and hence more number of diffraction maxima. In 
this investigation about 150 to 200 diffraction maxima are observed in the 
frequency range of the wedge employed. In order to enable rapid determi- 
nation of velocities, frequencies corresponding to the diffraction maxima at 
every interval of 50 maxima are measured using a BC-221 frequency meter 
having an accuracy 0-02 per cent. Thus the error involved in the frequency 
determination due to visual estimation of diffraction maxima is considerably 
minimised because of the large number of maxima observed. The average 
frequency interval 4f for every two consecutive maxima is thus obtained 
with fairly high accuracy (0-02 per cent.) and the velocity is calculated em- 


ploying the usual formula 
V=2Lx4f, 


where L is the length of the liquid column which is measured to within 0-05 
per cent. accuracy. 
3. RESULTS 


To illustrate the method of obtaining the fundamental frequency, 


measurements of the frequencies for diffraction maxima taken at every con- 
secutive interval of ten maxima are presented in Table I. 


TABLE I 
Liquid — Xylol. 
Length of the liquid column L = 3-585 cm. 
Temperature of the liquid T = 30° C. 





Frequencies for intervals of | Frequency differences for 
ten diffraction maxima ten diffraction maxima 
Mc./sec. Mc./sec. 





-212 
396 
578 
-762 
*942 
128 
-312 
-494 
-678 
-860 


*184 
*182 
-184 
-180 
186 
184 
182 
184 
182 
-186 
-184 
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Average fundamental frequency 4f= 18-35 Ke./sec. Taking the 
fundamental frequency thus obtained the velocity of ultrasonic waves in 
xylol as calculated comes out as 1316 m./sec. 


Thus it can be seen that by taking a large number of maxima, the error 
introduced in the determination of the fundamental frequency of the liquid 
column is minimised. 


Investigations have been made to see if there is any crror introduced in 
velocity measurements due to size effect. For this the top plate of the crys- 
tal holder is set for different heights from the reflector by loading the bolts 
with suitable lengths of steel springs and the ultrasonic velocity is determined 
in xylol for different path lengths of the liquid column and it is found that 
there is no change in velocity with the change of the length of the liquid 
column in the range of the lengths investigated. Perhaps this may be due 
to the fact that plane waves are set up in the liquid column since the area of 
the radiating surface of the crystal (1 cm.*) is much higher when compared 
to the wavelength of the sound waves employed. 


To show the applicability of this method the ultrasonic velocities are 
determined in about ten commonly available liquids. The experimental 
results are given in Table II along with comparison values obtained by other 
methods. 

TABLE I] 


Length of the liquid column L = 3-718 cm. 
Temperature of the liquid T = 30°C. 





Ultrasonic Diffraction 
Average velocity method by 





Liquid 504 fin determined Willard® Pulse method‘ 
Mc./sec. m./sec. Temp. 
23° C.-27° C. 
Water on si 1-020 1517 1500 
Benzene “ pe 0°875 1301 1295 1382 (7-5° C.) 
1312 (21-8°C.) 
Xylol - .. 0-885 1316 1325 EM 
Nitro-Benzene rf 0-975 1450 1490 1518 (7°5° C.) 
1462 (23-5° C.) 
Chloroform .. rs 0-666 990 995 is 
Ethyl-alcohol. . i 0-805 1199 1150 1246 (2°C.) 
Acetone ee oe 0-798 1187 1170 ay 
Cabron tetrachloride .. 0-620 922 930 924 (23-5°C.) 
Toluene : a 0-870 1294 1300 


Ethyl-acetate .. 0764 1136 1145 1145 (24-3°C.) 
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It can be seen that there is good agreement between the velocities 
determined by this method with those reported by the other methods. 


4. DISCUSSION 


In view of the high frequencies employed in the investigation and the 
comparatively large size of the dimensions of the cell no corrections need 
be applied for the observations thereby making the calcultions much simpler. 
The main advantage of this method is that it combines the simplicity of 
the diffraction method with the accuracy of the interfermometer method. 
High accuracy in the velocity measurements can be achieved in this method 
by using a precision wavemeter and by measuring the length of the liquid 
column accurately. A precision thermostat to control the temperature of 
the liquid is also necessary for attaining such high accuracy. 


Though this method is simple, accurate and rapid, it is limited to trans- 
parent liquids. The method is equally applicable for solids upto higher 
frequencies than in the case of liquids. An improved crystal holder is being 
developed for extending this method for the study of acid and corro- 
sive liquids. 


5. SUMMARY 


The principle and the experimental details of the new method of deter- 
mining ultrasonic velocities in transparent liquids along with a brief descrip- 
tion of the crystal holder designed to suit this method are given. Ultrasonic 
velocities determined for about ten common liquids are tabulated along with 
those obtained previously by different methods. The main features of this 
method are briefly discussed. 
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THE vesicant lattices of certain species of Anacardiacee to which Semecarpus 
travancoricus Bedd. belongs supply the lacquers employed in China and 
Japan for decorative coating of wood. A chemical examination of the 
active constituents of the exudations from these plants by Majima et al.’?* 
has revealed that all of them contained catechol derivatives with unsaturated 
side chains of 15 or 17 carbon atoms either in the adjacent or in the vicinal 
position to the catechol nucleous. Pillay and Siddiquit have shown that 
the pericarp of the nut, marking nut or Bhilawa nut, of the allied species 
S. anacardium contains about 21 per cent. of a phenolic product named 
“*bhilawanol ’’ identical with urushiol,? a compound having an unsaturated 
side chain of 15 carbon atoms in the adjacent position to the catechol nucleous, 
0-1 per cent. of a monohydroxy phenol named ‘‘ semecarpol”’ and a tarry 
corrosive residue. Nair et al.° have recently reported that the bark exuda- 
tion of S. travancoricus contains about 21 per cent. of laccol (3-heptadecadienyl 
catechol).* 


An opportunity is now taken to present the results of work on the 
resinol from the pericarp of the nut (also known as marking nut and used 
for marking purposes in Tranvacore) from S. travancoricus Bedd., that was 
in progress at this Institute for the past few years. 


Semecarpus travancoricus Bedd. (Tamil, Natu shengoti or katha shengoti) 
is a very large tree met within the forests of the Tinnevelly and Travancore 
Hills. The pericarp of the fruit of this tree contains a resinous, black non- 
corrosive oil which is used for marking purposes in the same way as bhilawa 
nut oil (Semecarpus anacardium Linn. f.). The samples of the oil as obtained 
from the two species differ in their physical as well as chemical properties. 
The oil from S. travancoricus is not vesicating and is, therefore, easy to handle 
in industrial processing. Nair, G. V., etal.® in a recent publication have 
mentioned that the lacquers obtained from ‘the fruit presented difficulties 
when their direct utilisation as lacquer or varnish was attempted due to their 
non-drying and extremely vesicant properties, which is quite contrary to 
our findings. 

137 








138 





S. V. PUNTAMBEKAR AND R. M. BERI 


The resinol has got high phenolic content, which indicates its suitability 
for ready conversion into solid resins with formaldehyde. On treatment 
with the latter, thermoplastic products,'® shining and varying in shades from 
reddish brown to jet black, have been obtained. Their solutions with com- 
mon solvents on drying leave elastic paint films, which do not easily crack 
or chip off even when stoved at 150° C. for 3 to 4 hours. Like the enamels 
prepared from the resinol of bhilawa nuts they are not affected by water or 
dilute acid or alkalies. 


Laccol> (3-heptadecadienyl catechol) has been identified as the main 
constituent of the resinol. On hydrogenation, it formed a tetrahydro deriva- 
tive, C.;H 4gO., m.p. 62° C., which gave stearic acid on oxidation with potas- 
sium permangate in aqueous acetone solution. The melting point of the 
tetrahydro derivative and the C,, side-chain suggested the possibility of its 
identity with tetrahydrolaccol obtained by Majima* from ivy lacquer (Rhus 
toxicodendron), Indo-Chinese lac (Rhus succedanea), Formosan lac (Seme- 
carpus vernicifera) and Rhus ambigua. The identity of the two substances 
was further confirmed by the preparation of the derivatives of the tetrahydro 
compound, namely diacetyl dimethyl ether and mononitro diamethyl ether, 
whose m.p. agreed with the corresponding derivatives of tetrahydrolaccol 
obtained by Majima (loc. cit.). The following are some of the structural 
and molecular formule for laccol and some of its derivatives :— 














OH OH 
/ OH Hydrogenation “on Acetylation 
™ CyHaa Cy Hiss 
(I) (Vv) (VII) 
Laccol Tetrahydro laccol Diacetyl tetra hydrolacco 
Phenyl isocyanate \. ™~ 
Acetylation Oxidation 
¢ NX Benzoylation 

C3rHwO.N: CogH Os Cy;H,;COOH 

(III) (II) (VI) CarH 430, 

Dipheny] laccol urathene Diacetyl laccol Stearic acid (VIII) 


Dibenzyl tetrahydro laccol 
Oxidation and hydrolysis 
NX 
OH 
OH 
(IV) 
COOH 


O-Catechuric acid 
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y From the above it would appear that the resinol from the pericarp of 
it the marking nut of S. travancoricus, like the one from the marking nut of 
n S. anacardium (bhilawan), would be a valuable addition to the list of natural 
1. products used for stoving enamel and lacquer purposes in industrial practices. 
k EXPERIMENTAL 


The fruits used in our studies were received through the Conservator 
of Forests, Travancore, from the Game Sanctuary Range, Kunali. The 
dried brown to black fruits were oval shaped, }#” to 1” long, 4” wide and 








. 1/10” thick with a portion of the hypocarp attacked. Inside there was a 
» very thin flat kernel most of which was fungus attacked. The fruit was crushed 
» and extracted with the following solvents and the yield of the resinol is 
‘ given in Table I. 

is TABLE [ 

is —— 

a Solvent Yield of Resinol 

2S eR i ae te , 

: 1, Alcohol (95%) ‘ .. 32:0 per cent. 

‘ 2. Petroleum ether (40-60°C.) .. 35-0 per cent. 

al 3. Ether (sulphuric) Me .. 35:5 per cent. 


The chemical and physical properties of the ether extract along with 
those of the bhilawa nut are recorded in Table II. 
TABLE IT 


Ether extract Bhilawa nut oil 
Constant (Authors) (Naidu)? 











1, Specific gravity (Westphal balance) 0-950 at 25°C. 
0-891 at 40° C. 


2. Acid value “ ae on 5-6 99 +3 
3. Saponification value ‘i = 165-7 ; 334-2 
4. Ester value - Me - 160-0 234-9 
5. Iodine value a hi “s 112-1 265-0 
6. Acetyl value ie - i 239°7 





This oil, in contrast with bhilawa nut oil, is devoid of the latter’s vesicat- 
ing property and is, therefore, easier to handle in industrial processing. Its 
saponification value is half of that of bhilawa nut oil pointing to its cor- 
responding lower content of ester or saponifiable matter. Its high phenolic 
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content indicates its suitability for ready conversion into solid resins with 
formaldehyde. 


Treatment with formaldehyde.—The resinol when treated with formal- 
dehyde in the presence of alkali under reflux for varying periods yielded 
thermoplastic products with shining colour ranging from reddish to jet black. 
These are soluble in turpentine, benzene, carbon tetrachloride and drying 
oils. When painted on iron strips and allowed to dry, firm elastic paint 
films were obtained. These films did not easily crack or chip off even when 
stoved at 150° C. for 3 to 4 days; thus it can serve as a good stoving enamel. 


Vacuum distillation of the resinol.—Distillation of the resinol under 
vacuum gave the following fractions :— 


Resinol distilled me _ ..  79-0gm. 
Fraction: 
1. Upto 235°/3 mm. bs ~ sah 
2. 235-40°/3mm. .. a .. 14-25 gm. 
3. 230-35°/3mm. .. es .. 12°64gm. 
4. 235-40°/3mm. .. ne .. 14°34gm. 
5. Residue ns ‘ns .. 34°10 gm. 
Loss on heating sit a .. b-4S gm. 


Fractions (3) and (4) distilled with a little decomposition. After second 
fraction the resinol stopped distilling for a while, but on more vigorous heat- 
ing it again started distilling, indicating some decomposition. All the frac- 
tions show the phenolic reactions. With alcoholic ferric chloride these gave 
an evanescent green colouration turning immediately to a black precipitate 
and a violet red on further addition of a drop of alcoholic potash indicating 
an orthohydroxy compound. With alcoholic lead acetate, these gave a white 
precipitate insoluble in water, but soluble in alcohol and ether, which 
darkened quickly on exposure to air due to oxidation. The other physico- 
chemical constants of the fractions are given below (Table III). 


Fraction No. 2 has been identified as pure laccol, while other fractions 
contained mostly laccol together with some ester or saponifiable matter. 


Fraction No. 2.—Congealed at about 20°C. to a white buttery mass 
[Found C, 80-2; H, 10-1; C,3H3.0, (1) requires C, 80-2; H, 10-5 per 
cent.]. 1-770 gm. of the substance in ice-cold chloroform absorbed 1-810 gm. 
of bromine; two double bonds require 1-667 gm. of bromine. 


Diacetyl derivative was prepared by treatment of the substance with 
acetic anhydride and anhydrous sodium acetate and was obtained as a 
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TABLE III 





Fraction Fraction Fraction Fraction 
No. 1 No. 2 No. 3 No. 4 





. Density @° .. Se 0-9384 0-9416 0-9228 0-9232 
. Refractive index n°° .. 1-4889 1 -4931 1-4821 1-4806 
. Saponification value .. 36°86 7°82 75-6 80-2 
. Acetyl value .. .. 240°34 264-1 202-4 198 +3 
. Iodine value .. oe 13H 122-5 116-9 106-0 


. Solubility - .. Insoluble in water, but soluble in common organic 
solvents 





yellow liquid, b.p. 235-38°/3 mm. It has a characteristic smell and does not 
react with lead acetate or ferric chloride, showing the absence of hydroxy 
group. n°, 1-4821; per cent. acetyl= 20-35 [Found: C, 75-6; H, 9-1. 
CHO, (ID) requires C, 75-7; H, 9:3 per cent.]. 


Hydroxyl content (Hibbert and Sudborough’s Method®): 0-2543 g. 
of the substance with magnesium methyl iodide gave 30-4 c.c. of methane 
at N.T.P.; 0-2543 g. of a substance of mol. wt. 344 and containing two 
hydroxyl groups should give 33-1c.c. at N.T.P. 


Diphenylurethane derivative was prepared by treating the substance with 
phenyl isocyanate and dissolving the reaction product in hot benzene, from 
which it comes down on cooling as colourless, rectangular rods, m.p. 228-29° 
[Found: N, 4-7; CyzH4O,N, (II) requires N, 4-8 per cent.]. 


Destructive Distillation—The substance when subjected to dry distilla- 
tion yielded water, a dark coloured oily distillate and inflammable gases. 
The oily distillate was separated by shaking in a hydrogen atmosphere with 
caustic soda solution into phenolic and non-phenolic components. The 
phenols were redistilled and the first fraction boiling between 230° and 255° C. 
solidified. It was recrystallised from benzene, m.p. 104°C. and identified 
as catechol by mixed melting point with a sample of pure catechol. 


Oxidation of diacetyl derivative—The diacetyl derivative was dissolved 
in a mixture of acetone (100 c.c.) and water (30 c.c.) and acetic acid (6c.c.) 
and the powdered potassium permanganate in small quantites at a time was 
added to the solution. Worked up in the usual manner, it first yielded di- 
acetyl o-catechuic acid which was hydrolysed with alcoholic potash in hydrogen 
atmosphere. The resulting acid was not obtained solid, but gave the colour 
reactions of o-catechuic acid (IV). 

A3 
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Catalytic Reduction.—To a solution of the substance (3-0 g.) in absolute 
alcohol (10c.c.) was added 1g. of platinum black, prepared according to 
the method of Adams,® and hydrogen bubbled through for 5 hours with 
constant stirring. The resulting product when filtered from the platinum 
black and freed of the solvent on the water-bath, gave the hydroproduct 
as a crystalline mass. On crystallisation from xylene and low boiling petro- 
leum ether (below 50° C.) it was obtained as white needles, m.p. 62-63° C, 
[Found: C, 79-1; H, 11°4. C,3HyO, (V) requires C, 79-3; H, 11-5 per 
cent.] Majima*® reports the m.p. as 63-64° C. 


Oxidation of Hydrogenated Product: Stearic Acid (V1).—The hydro- 
genated product (1-0 g.) dissolved in acetone (100 c.c.) and water (15c.c.), 
was mixed with a solution of potassium permanganate (4g.) in acetone 
(200 c.c.) and water (30c.c.). The mixture was warmed until decolourised, 
filtered, acetone removed and the aqueous residue acidified. The acid thereby 
liberated, after two crystallisations out of 95 per cent. alcohol melted at 
67-68° C. It was identified as stearic acid by its molecular weight (282-4) 
and mixed melting point with an authentic sample of the acid. 


Diacetyl tetrahydro derivative was prepared by acetylation of the hydro- 
genated product with acetic anhydride and anhydrous sodium acetate and 
crystallised from alcohol, m.p. 57-5° C. [Found C, 74-8; H, 10-1; C.,H,,0, 
(VII) requires C, 75-0; H, 10-2 per cent.]. Nair et al.5 report the m.p. as 
T-F"C. 

Dibenzoyl tetrahydro derivative was prepared by treatment of the hydro- 
product (0-5 g.) in dry ether (5. c.c.) with benzoyl chloride (1 g.) and working 
up the reaction product in the usual way. It crystallised from acetic acid 
as white flakes, m.p. 64-65° [Found: C, 79-7; H, 8-3. C3,;H4gO, (VII) 
requires C, 80-0; H, 8-6 per cent.]. 


Dimethyl ether of the tetrahydro derivative was prepared by treatment 
of the hydroproduct two times with methyl iodide and sodium ethoxide in 
absolute alcohol. It crystallised from alcohol in long prisms, m.p. 43-44° C. 
Majima® reports the m.p. as 43-44°C. 


Mononitro derivative of the above was prepared by treatment of the 
dimethyl ether (IX) (0-5 g.) in glacial acetic acid (3 c.c.) with a mixture of 
nitric acid (d. 1-48, 3 c.c.) and glacial acetic acid (5c¢.c.). The mixture was 
warmed for half a minute on the water-bath and then kept aside to cool. 
The resulting yellow crystals when crystallised from alcohol gave 0-3 g. 
of light yellow needles, m.p. 71-72° C. Majima® reports the m.p. as 75-76° C. 


Fractions 1, 3 and 4.—These contained mostly laccol along with some 
ester or saponifiable matter which could not be separated and so could not 
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be identified. All these fractions on hydrogenation and acetylation formed 
the crystalline diacetyl derivatives of tetrahydrolaccol, m.p. 57-5°C., and 
showed no depression in it on admixture with the corresponding «compounds 
of fraction No. 2. The hydrogenated products in all these cases on oxida- 
tion with potassium permanganate in aqueous acetone solution gave rise to 
stearic acid, m.p. 67-68° C., confirmed by its molecular weight and mixed 
melting point. Their saponification values indicated the presence of some 
ester or saponifiable matter which, however, could not be separated. 


Residue-—The tarry residue forming about 43 per cent. of the total 
extract could not be hydrolysed with acid or alkali. It was purified by dis-’ 
solving in 80 per cent. cold alcohol (which leaves a thick dark resinous mass 
undissolved), treating the alcoholic solution with lead acetate and liberating 
the tarry phenolic product from the lead salt with hydrochloric acid. It 
dissolves in alcohloic potash with a fairly permanent grass green colouration. 
With ferric chloride it gives a very transient green colouration followed by 
a black precipitate. With lead acetate it forms a green precipitate. It 
could be acetylated but the acetylated product could not be distilled or made 
to solidify even when hydrogenated. On destructive distillation it gave a 
mixture of phenols and non-phenolic matter. All these reactions show it 
to be a mixture of high molecular weight phenols. It polymerised on stand- 
ing to a shining friable mass, soluble in benzene, acetone and chloroform. 


SUMMARY 


The resinol on treatment with formaldehyde formed thermoplastic 
products, shining and varying in shades from reddish brown to jet black. 
The lacquer forming ingredient has been isolated and identified as laccol 
(3-heptadecadienyl catechol), confirmed by the preparation of its hydro- 
genated product and its derivatives. 


The tarry residue, left after vacuum distillation, polymerises on standing 
to a shining friable mass, soluble in benzene, acetone and chloroform and 
appears to be a mixture of high molecular phenols. 
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COMPARED with the flavones and flavonols there are only a few members 
of the isoflavone group having more than two hydroxyl groups in the con- 
densed benzene ring. However, the number seems to be increasing; 
irigenin was the eaniest to be discovered, later on came tectorigenin and 
more recently muningin. It is possible that others will be discovered in 
future. In regard to their synthesis it is comparatively easy to prepare 
members of the 5:7: 8-trihydroxy series, the simplest method being the 
nuclear oxidation of 5: 7-dihydroxy isoflavones.1 The preparation of the 
isomeric 5:6: 7-hydroxy or methoxy isoflavones has been found to be 
difficult. The only method so far employed uses 4: 5-dimethoxy resorcinol? 
(I) which is rather difficult to prepare. Further this method is not suitable 
for all purposes. Consequently a search was necessary for more convenient 
routes of synthesis. At first attempts were made to subject 2-hydroay- 
4: 6-dimethoxy phenyl benzyl ketone (II) to nuclear oxidation with per- 
sulphate to yield 2: 5-dihydroxy-4: 6-dimethoxy phenyl benzyl ketone (II) 
which could be cyclised to the required isoflavone. But the oxidation was 
unsuccessful. 1:2:3:5-Tetramethoxy benzene yields always 2-hydroxy- 
3: 4: 6-trimethoxy phenyl benzyl ketone (IV) when subjected to Friedel and 
Craft’s reaction and hence this was also unsuitable for the purpose of making 
the 5:6: 7-hydroxy isoflavones. Similar was the case wtih 2: 5-dimethoxy 
resorcinol (V). Though 2: 6-dimethoxy quinol (VI) has the required struc- 
ture and yields the corresponding aldehyde readily it has been found to be 
unreactive in the Hoesch reaction. Even in the Friedel and Craft’s reaction 
lack of reactivity is exhibited. Very recently however, Karmarkar et al." 
have shown that it can react with the boron trifluoride complex of phenyl 
acetic acid to yield the corresponding ketone. 


In the course of a systematic study of other starting materials, antiarol 
(VII) has now been found to be quite satisfactory. It has been known to 
yield the corresponding aldehyde by the Gattermann reaction readily, but 
144 | 
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is inert in the Hoesch reaction. It is however, sufficiently reactive in the 
Friedel and Craft’s reaction with phenyl acetyl chloride and its p-methoxy 
derivative. Thus antiarol has provided a very suitable starting material 
for the synthesis of derivatives belonging to the 5: 6: 7-hydroxy type (i.e., 
irigenol series). The steps in the synthesis are indicated by the following 
formulz : 


mat ‘Won CH,0 = 
CH,O— — CH,O— Cc < \-R 
1,0 —_> 3 se H; 


OCH, OCHs 


VII VIII. R=H; IX. R=OCH; 
oO 


o- 


‘& 
OCH, 


X. R=H; R’=CH, 
XI. R=OCH;; R’=H 


Constitution of tectorigenin 


Tectorigenin, the aglucone of tectoridin, was first isolated by Shibata‘ 
from the rhizomes of Iris tectorum. It was later found to be present in 
Pardanthus chinensis (Belamcanda chinensis) also. Shibata made a detailed 
Study of its reactions. He found that it had three hydroxyl groups capable 
of forming a triacetate and tribenzoate quite readily. But it formed only 
a dimethyl ether, the third hydroxyl being resistant. On: boiling with alkali 
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it gave rise to formic acid, iretol and p-hydroxy phenyl acetic acid. The 
correct constitution was however given by Asahina and co-workers.* They 
determined its molecular formula as C,,H,.O,. Based on the similarity 
between tectorigenin and irigenin and on a study of the absorption spectrum 
of tectorigenin they suggested for it ‘the structure of 6-methoxy-5: 7: 4’- 
trihydroxy isoflavore which is now accepted (XII). 


(Y) 
=a 


hi \Z “7 


XII. R=H XVII, R=C.H; 


Synthetic support for this structure was first afforded by the work of 
Shriner and Stephenson? who, as already mentioned, started from 4: 5- 
dimethoxy resorcinol and obtained the 7: 4’-dimethy! ether of tectorigenin 
which is aiso the product of methylation of tectorigenin. During the course 
of the present work tectorigenin from Jris tectorum and Belamcanda chinensis 
has been fully methylated to yield the trimethyl ether (XI) which nas also 
been obtained synthetically starting from antiarol (VII). 


The synthetic work mentioned in the previous para confirms that tectori- 
genin is a monomethyl ether of 5: 6:7: 4’-tetrahydroxy isoflavone. The 
location of the methoxyl group in the 6-position was originally based or the 
formation of iretol as one of the degradation products. To confirm this 
point tectorigenin has now been completely ethylated and the constitution 
of the triethyl ether established by synthesis using unambiguous methods. 
The new method of synthesis described earlier in this paper has been found 
to be quite suitable for this purpose. 3: 5-diethoxy-4-methoxy phenol is 
used as the starting material. It is obtained from pyrogallol by the follow- 
ing series of reactions. Pyrogallol is first ethylated to the triethyl ether (XIII) 
with ethyl iodide in dry acetone solution in the presence of potassium 
carbonate; oxidation with nitric acid in alcoholic solution yields the diethoxy 
quinone (XIV). The quinone is reduced to the quinol (XV) by means of 
stannous chloride in the presence of hydrochloric acid. Subsequent partial 
methylation employing the method of Chapman, Perkin and Robinson’ 
yields the desired diethoxy-monomethoxy phenol (XVI). 


p-Ethoxy phenyl acetic acid was earlier obtained by the ethylation of 
p-hydroxy phenyl acetic acid.* It has now been obtained from p-ethoxy 
phenyl pyruvic acid. This is converted into the oxime. The oxime on 
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treatment with acetic anhydride yields the nitrile which is hydrolysed to the 
acid. Condensation of 3: 5-diethoxy-4-methoxy phenol and p-ethoxy phenyl 
OC,H; Oo 
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) es 
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OH OCH; 


| 
ir —OC.H, 
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aoe ¥ arg | ) 
| 
OH 


OH 

XV XVI 
acetyl chloride in cold ether solution in the presence of anhydrous aluminium 
chloride yields a ketone which does not solidify. Hence it is charac- 
terised as the dinitrophenyl hydrazone. Cyclisation with ethyl formate 
affords 5:7: 4/-triethoXy-6-methoxy isoflavone (XVII). For purpose of 
comparison an authentic sample of the triethyl ether of tectorigenin has 
been made from tectorigenin isolated from Jris tectorum and Belamcanda 
chinensis.° The mixed m.p. of this compound with the synthetic sample 
was undepressed. 


EXPERIMENTAL 
2-Hydroxy-4: 5: 6-trimethoxy phenyl benzyl ketone (VIII) 


Antiarol required for this experiment was prepared by the method of 
Chapman, Perkin and Robinson.’ 


Anhydrous aluminium chloride (5 g.) was dissolved in dry ether (50 c.c.) 
with cooling and to the solution was added antiarol (3 g.) in dry ether (50 c.c.). 
The mixture was then treated with phenyl acetyl chloride (3c.c.) while 
cooling in ice, the reaction mixture was shaken occasionally for about two 
hours and then left at room temperature for 12 hours. Ether was removed 
on a warm water-bath, the remaining organo-aluminium complex first treated 
with ice and hydrochloric acid and subsequently heated on the water-bath to 
complete the hydrolysis. The solution was then extracted with ether, the 
ether extract washed with sodium bicarbonate solution (5%) and then with 
water and dried over anhydrous sodium sulphate. Evaporation of the dried 
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ether extract left a viscous mass which solidified on keeping. It crystallised 
from methyl alcohol in the form of colourless thin plates melting at 64°, 
Yield 2:2 g. It gave a brown colour with ferric chloride (Found: C, 67-8 
H, 5-9. C,,H,,0O; requires C, 67-6; H, 6°0%). 


2-Methyl-5 :.6: 7-trimethoxy isoflavone (X) 


. 
b] 


The above ketone (1-5 g.) was refluxed with acetic anhydride (20 c.c.) 
and freshly fused sodium acetate (6 g.) for 12 hours. The excess of acetic 
anhydride was then decomposed by adding alcohol. Next day the mixture 
was distilled to remove alcohol and ethyl acetate and the residue was taken 
up in ether. The ether extract was washed thrice with aqueous sodium 
hydroxide (5%) and then with water. After drying over magnesium sul- 
phate, ether was removed by evaporation. The solid obtained crystallised 
from alcohol in the form of colourless prisms melting at 154°. Yield 0-6g. 
It was insoluble in aqueous sodium hydroxide and gave no colour with 
alcoholic ferric chloride (Found: C, 70:3; H, 5-6; C,9H,gO; requires 
C, 69:9; H, 5-5%). 


2-Methyl-5: 6: 7-trihydroxy isoflavone 


The trimethoxy isoflavone (0-8 g.) in acetic anhydride solution (10 c.c.) 
was treated with cooling with hydriodic acid (sp. 8r. 1-7; 10c.c.) and the 
mixture heated in an oil-bath at 140° for 3 hours. It was then cooled and 
diluted with sulphur dioxide water. The trihydroxy isoflavone was filtered, 
washed with water and crystallised from alcohol when it was obtained in 
the form of pale yellow rhombohedral crystals melting at 222°. Yield 
0-5g. It dissolved in aqueous sodium hydroxide forming an yellow solu- 
tion and imparted a green colour to alcoholic ferric chloride (Found: C, 
63-2; H, 4:9. C,gH;,0;, H,O requires C, 63-6; H, 4-6%). 


The triacetate of the isoflavone was obtained by boiling with acetic 
anhydride and freshly fused sodium acetate. It crystallised from alcohol 
in the form of colourless plates melting at 205°. 


2-Hydroxy-4: 5: 6-trimethoxy phenyl p-methoxy benzyl ketone (IX) 


p-Methoxy phenyl acetyl chloride (1 c.c.) and antiarol (1-2 g.) were 
condensed in the presence of anhydrous alumirfium chloride (1-2 g.) in dry 
ether solution (100c.c.). The reaction was carried out as before and the 
product worked up. The ketone crystallised from alcohol in the form of 
colourless plates melting at 91-92°. Yield 0-6g. It gave a brown colour 
with ferric chloride (Found: C, 65-3; H, 5-9. C,gHapOg¢ requires C, 65:1; 
H, 6-0%). 
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5:6:7:4'-tetramethoxy isoflavone (XI) 


The above ketone (IX) (0:8 g.) dissolved in freshly distilled ethyl formate 
(20c.c.) was added in portions of 3-4c.c. at a time to pulverised sodium 
(0:5 g.) well cooled in ice. After shaking the mixture for about 2 hours it 
was left in the refrigerator for 48 hours. It was then added to crushed ice 
and the excess of ethyl formate was evaporated off. The solution was then 
extracted with ether. Evaporation of the dried ether extract left a solid 
which crystallised from methyl alcohol in the form of long rectangular plates 
melting at 176°. Yield 0-1g. When mixed with a sample of the trimethyl 
ether of tectorigenin obtained from the natural source (see below) the m.p. 
was undepressed. 


Trimethyl ether of tectorigenin 


Tectorigenin (0-5 g.) was refluxed for 40 hours with dimethyl sulphate 
(0-6 c.c.) and anhydrous potassium carbonate (2 g.) in dry acetone solution 
(50c.c.) and the mixture was worked up as usual. The trimethyl ether 
crystallised from methyl alcohol in the form of rectangular plates melting 
at 176°. 


Pyrogallol triethyl ether (XIII) 


Bayer and Co’® obtained this compound by ethylation of pyrogallol 
with diazoethane. It has now been obtained by ethylation with ethyl iodide 


in dry acetone solution in the presence of potassium carbonate. 


To a solution of pyrogallol (20 g.) in dry acetone (200 c.c.) ethyl iodide 
(55c.c.) and anhydrous potassium carbonate (80g.) were added and the 
mixture refluxed for 12 hours. The solution was filtered off while hot and 
the potassium carbonate washed twice with 50 c.c. portions of warm acetone. 
The solvent was distilled off and the residue was washed with sodium 
hydroxide to remove the mono and diethyl ethers. The triethyl ether slowly 
solidified on keeping it in the ice-chest and scratching with a glass rod, 
m.p. 39°. Yield 18 g. 
2:6-Diethoxy benzo-quinone (XIV) 


Spath and Wessely!! obtained this quinone by the oxidation of phloro- 
glucinol diethyl ether or of 4-methoxy-2: 6-diethoxy-benzhydrol with chromic 
acid in glacial acetic acid medium; Pollak and Goldstein!2 employed pyro- 
gallol triethyl ether and oxidised it with nitric acid in glacial acetic acid solu- 
tion. It has now been prepared more conveniently by the oxidation of 
pyrogallol triethyl ether in alcohol solution with nitric acid (d, 1-19). 


Nitric acid (50 c.c.; d, 1-19) was added to a solution of the triethyl ether 
10g.) in alcohol (50c.c.) and the temperature was maintained below 50°. 
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After about 4 hours the nitro compound was filtered off and the filtrate 
diluted and kept overnight. The precipitated quinone was filtered and 
crystallised from alcohol when it was obtained as yellow rectangular rods 
and prisms melting at 127°. Yield 3-Sg. 

2: 6-Diethoxy hydroquinone (XV) 


Stannous chloride (8 g.) was dissolved in a mixture of concentrated 
hydrochloric acid (20c.c.) and water (10c.c.) and the solution heated till 
it was clear. 2:6-diethoxy quinone (2 g.) was added to the solution and 
the heating continued for five more minutes. The solution was filtered and 
the filtrate cooled when it deposited crystals which were collected and 
crystallised from water containing a little hydrochloric acid. The quinol 
was obtained in the form of colourless plates melting at 170°. Yield 1-6, 
(Found: C, 57-9; H, 7:3. CyoH,4Oy, $H,O requires C, 58-0; H, 7-3%), 
3: 5-Diethoxy-4-methoxy phenol (XVI) 


A solution of sodium hydroxide (4 g.) in water (30 c.c.) was added to 
2: 6-diethoxy quinol (6 g.) in a flask from which air was excluded by hydrogen. 
Methyl sulphate (3-8 c.c.) was then added in one portion with vigorous 
stirring which was continued for 10-15 minutes and then at intervals for 
about | hour. The alkaline soluticon was ether extracted to remove the 
completely methylated ether (2g. was isolated) and then acidified. The 
3: 5-diethoxy-4-methoxy phenol was filtered off and crystallised from ten 
times its weight of water when it was obtained ir the form of colourless 
elongated and stout rectangular prisms melting at 74°. Yield 2-5g. 
(Found: C, 59-7; H, 7:2. C,,H,60,, }H,O requires C, 59-7; H, 7°7%). 


2-Hydroxy-4: 6-diethoxy-5-methoxy-phenyl p-ethoxy benzyl ketone 


p-Ethoxy phenyl acetic acid (1-2 g.) was converted into the chloride 
using thionyl chloride. The product was directly condensed with 3: 5- 
diethoxy-4-methoxy-phenol (1-2 g.) in cold ether in the presence of anhydrous 
aluminium chloride (2 g.). The reaction was carried out in the same way as 
in the preparation of (VIII). The ketone was obtained in the form of an 
oil and did not solidify. Hence it was characterised as the dinitrophenyl 
hydrazone which melted at 162° (Found: C, 59:2; H, 5-6. C,,Hg9O,N, 
requires C, 58-5; H, 5-4%). 


5: 7: 4'-triethoxy-6-methoxy isoflavene (XVII) 
The above ketone (XI) (1 g.) in freshly distilled ethyl formate (20 c.c.) 
was added to pulverised sodium (0-5 g.) well cooled in ice. The reaction was 


carried out as described in an analogous case. The isoflavone crystallised 
from methyl alcohol in the form of colourless needles melting at 140°. Yield 
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0-4g. It gave no colour with ferric chloride and was insoluble in aqueous 
sodium hydroxide (Found: C, 68:6; H, 6-4. C,,:H»4O5« requires C, 68-8; 
H, 63%). Mixed m.p. with the triethyl ether obtained by ethylation of 
tectorigenin obtained from Iris tectorum (see below) was undepressed. 


Triethyl ether of tectorigenin (XVII) 


Tectorigenin (0-5 g.) was refluxed with ethyl iodide (0-5c.c.) and 
anhydrous potassium carbonate (2g.) in dry acetone solution (100 c.c.). 
After 40 hours the solution was filtered. The acetone was then distilled off 
and water added to the residue. The triethyl ether crystallised from methyl 
alcohol in the form of colourless needles melting at 140°. Yield 0-4g. It 


gave no colour with ferric chloride and was insoluble in aqueous sodium 
hydroxide. 


Oxime of p-ethoxy phenyl pyruvic acid 


p-Ethoxy phenyl pyruvic acid was obtained by the method of Buck, 
Baltzly and Ide.** 


A mixture of p-ethoxy phenyl pyruvic acid (10 g.) and hydroxyl amine 
(8 g.) in sodium hydroxide solution (100 c.c., 8%) was heated in a water-bath 
(60°) for 10 minutes and the solution left overnight. It was then cooled and 
acidified. The precipitated oxime was filtered and crystallised from alcohol 
when it came out as colourless tiny prisms, m.p. 168°. Yield 9 g. (Found: 
C, 58-9; H, 6°3. C,,H,,0,N requires C, 59-2; H, 5-8%). 
p-Ethoxy phenyl acetic acid 


The dry oxime (5 g.) was treated with acetic anhydride (3 c.c.) and the 
mixture heated on the water-bath when a brisk evolution of carbon dioxide 
took place. After the reaction had subsided, water (50 c.c.) was added and 
the solution extracted with ether. The ether extract was washed with 5% 
sodium hydroxide and then with water. p-Ethoxy benzyl cyanide obtained 
on removal of the ether was directly hydrolysed to the acid, m.p. 87-9°. 
Yield 2 g. 


SUMMARY 


Starting from antiarol a convenient synthesis of 2-methyl-5: 6: 7- 
trimethoxy (trihydroxy) and 5: 6:7: 4’-tetramethoxy isoflavones has been 
carried out. The intermediate ketones are satisfactorily obtained by the 


Friedel and Craft’s reaction. Since the tetramethoxy isoflavone is identical 
with tectorigenin trimethyl ether the constitution of tectorigenin as a mono- 
methyl ether of 5: 6:7: 4’-tetrahydroxy isoflavone is thus confirmed. The 
location of the methoxyl group is again fixed as 6- by complete ethylation 
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of tectorigenin and synthesis of this triethyl ether by a method analogous to 


M. KRISHNAMURTI AND T. R. SESHADRI 


the one described for the trimethyl ether. 
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